Atmospheric potential energy is typically divided into an available and a nonavailable part. In this article a hypothetical utilization of a fraction of the nonavailable potential energy is described. This part stems from the water vapor that can be converted into the liquid phase. An energy gain results when the potential energy of the condensate relative to a reference height exceeds the energy necessary to condensate the water vapor. It is shown that this can be the case in a saturated atmosphere without convective available potential energy. Finally, simulations with the numerical cloud model HURMOD are performed to estimate the usability of the device in practice. Indeed, a positive energy output results in a simulation with immediate gathering of the condensate. On the contrary, potential energy gained falls significantly short of the necessary energy for forming the condensate when a realistic cloud microphysical scheme allowing re-evaporation of condensate is applied. Taken together it can be concluded that, a utilization of atmospheric potential energy is hypothetically possible but the practical realization is probably not feasible.
Introduction

1
The sum of potential and inner energies of the atmo- 
17
The remaining, still enormous quantity of total potential 18 energy is believed to be unavailable for conversion.
19
In this article we examine a theoretical possibility to 20 convert parts of the unavailable potential energy into us-21 able energy by a hypothetical ideal engine. This engine after liquefaction, are not discussed in this study but 29 eventually the liquidized water evaporates and diffuses 30 upward to the reference level. The conversion of poten-31 tial energy into electric energy can be realized in an ef-32 ficient way as described by Demirel (2012 is assumed to be 100 % in order to have optimal condi-tions to drive the engine.
48
Since the atmosphere is motionless the pressure p 49 can be determined by the hydrostatic balance equation 
3)
The water vapor pressure e * is a function of temper-61 ature and it is solution of the approximated Clausius-
62
Clapeyron equation 
where T 0 is a reference temperature. In the subse- is assumed that the virtual temperature
decreases linearly with height so that 
(2.7)
The principal idea is now to drive the engine so as to lift 79 the air from the starting level z = z r to z = z r + Δz and to 80 use the potential energy of the condensed liquid water, 81 if only we could collect it by some clever means. Work 82 must be supplied to lift a parcel of air in a stably strat-83 ified atmosphere. The necessary minimum work can be 84 estimated from the inviscid vertical momentum equation 85 
For slow lifting it is possible to neglect both the pertur-91 bation pressure and the vertical velocity. Then, the lift-92 ing work W to be supplied by the engine to lift the parcel 93 from z = z r to z = z r + Δz becomes
This would be identical to the expression for convective 95 inhibition energy (CIN) if the upper level were the level 96 of zero buoyancy. To calculate the work we must deter-97 mine the parcel temperature. In this analysis we make 98 use of the pseudoadiabatic assumption, that is, the as-99 cending parcel does not exchange heat with the environ-100 ment and the condensed water is immediately removed 101 by instantaneous precipitation. Then, the parcel temper-102 ature T p results from the following adiabatic form of the 103 first law of thermodynamics
where c p is the specific heat capacity of moist air at con-105 stant pressure. By using the Clausius-Clapeyron equa-106 tion (2.4) we obtain
The pressure differential can be evaluated with the hy-108 drostatic balance equation (2.1) so that the vertical 109
Unauthorized distribution of this copyrighted material is strictly forbidden! Downloaded from www.schweizerbart.de parcel temperature gradient becomes
(2.13)
From this result we can deduce the vertical gradient of 111 the parcel's virtual temperature 
where z = z−z r and the subindex r denotes evaluation at 
. Increasing Δz leads to an increasing value for the mini-139 mum reference height of the device. The maximum pos-140 sible energy conversion efficiency of the engine we de-141 fine as
It is also possible to deduce the efficiency η without the 143 approximation (2.15) by a numerical integration of the 144 differential equation (2.13). Then, the parcel tempera-145 ture profile follows a pseudoadiabat.
146
To judge whether the liquefaction engine could po-147 tentially work we choose the realistic temperature values 148 T vr = 273.15 K, 283.15 K and 288.15 K as well as a lapse 149 rate of Γ = 0.05 K/100 m. Fig. 2 displays the efficiency 150 as a function of Δz for a reference level at z r = 1000 m. 151 The figure reveals a significant increase for a decreasing 152 lifting distance and increasing temperatures. It can also 153 be seen that the approximation overestimates efficiency, 154 the more so for large lifting distances. 
Model simulations
156
The theoretical treatment in section 2 employs assump-157 tions that are not valid in the real atmosphere. One as-158 sumption concerns the neglect of turbulent exchange. 159 This would lead to an underestimation of the work by 160 neglecting turbulent momentum diffusion, and an over-161 estimation of condensation by omission of turbulent 162 moisture diffusion. Another assumption is that all con-163 densed water could be utilized in the engine. In real-164 ity, droplets do not gather as bulk water and only large 165 Unauthorized distribution of this copyrighted material is strictly forbidden! Downloaded from www.schweizerbart.de droplets fall down to the surface while the remaining liquid water moves away with the flow and eventually 167 evaporates again. Therefore, the efficiency of the hypo-168 thetical engine will be much smaller or even negative 169 due to these effects. where m r is the mass fraction of rain and W r the sedi-211 mentation velocity of rain. We assume z r = 1000 m. 
260
One may ask if the liquefaction engine could poten-261 tially work under conditions of thermodynamic equilib-262 rium. Then, the second law of thermodynamics appears 263 questionable. A try to tackle this issue was made by con-264 sidering an isothermal atmosphere with a vanishing ver-265 tical gradient of water vapor and saturation at the surface 266 (z = 0). The results hint at the impossibility of drawing 267 off mechanical energy in this situation but it cannot be 268 substantiated with a mathematical proof. Furthermore, 269 it has not been presumed that the device can work in a 270 periodic way without changing the system. Therefore, a 271 conversion of potential energy into other energy forms 272 is not necessarily in contradiction with the second law 273 even if the atmosphere appears to be at thermodynamic 274 equilibrium.
275
Even if we have our doubts that the device discussed 276 could operate in reality, we do not want to discard the 277 possibility entirely. Our main aim is rather to present a 278 thought experiment to make the point that there is more 279 potential energy available than might be thought when 280 reasoning in terms of global circulations.
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